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Recognition Device tested at the Federal Aviation Administration Technical Center,

has been changed to Verbex. Interdata, the manufacturer of the host computer, has
changed its name to Perkin Elmer Corporation.
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INTRODUCTION

PURPOSE .

It is the purpose of this report to
familiarize the veader with a prelimi-
nary, semiautomated test to determine
the recognition rate of the Federal
Aviation Administration (FAA) Technical
' Center's Utterance Recognition Device
(URD) with a test vocabulary of 25
words. Figure 1 is a list of the
vocabulary with subgroup restrictions,

The data collected in this test will be
used to judge the effects of a provosed
increase in the vocabulary size. An
increase in vocabulary size will be
necessary if the URD i: to *e used as
the input medium for the cirect filing
of fligh* plans by utterance
recognition,

BACKGROUND.

The FAA Technical Center's URD was
originally acquired to explore the
feasibility of using discrete word
utterance recognition as the user
control medium for the Mass Weather
Dissemination System Exploratory
Engineering Model (NPD 13-265). In
this system, the URD was used to detect
single werd commands, over staudard
voice grade telephone lines, spoken by
the caller. These command words were
used *o access the various functions of
the engineering model. This appli-
cation is reflected by the words which
were selected for the original vocabu-
lary which are given in figure 1.

One of the functions of the Mass
Weather Dissemination System Explora-
tory Engineering Model was the Fast
File. This functiorn allowed the caller
to file, amend or close a flight plan
on one of two computer controlled
cassette tape recorders. The actual
recording of the flight plan informa-
tion required no intervention by Flight
Service Station (FSS) personnel. FSS

suscroup 0 {  ElCH

5 T . .
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"~ AFFIRMATIVE
NEGATIVE

NO )
ONE '
TWO

THREE

FOUR

FIVE

SEVEN
EIGHT

ZERO
NINER
NORTH
SOUTH

A

WEST
LO"AL
FILL
SPECIALIST

AMEND
\. CLOSE

80~59-1

FIGURE 1. URD VOCABULARY AND
SUBGROUPS

personnei intervention was, however,
required to transcribe the reiuiting
tapes several times per day for Service
B transmission., .

It has been proposed that the URD m.y
be used as the input device for direct
pilot flight plan filing by utterance
recognition. This would serve to
eliminate the labor intensive tran-
scription phase ol filing a flight
plan.

Two previous URD test: have been
conducted. In the first test a human
monitor attempted to record URD
responses to pilot utterances in order
to determine the recognition rate of
the URD. This method of testing proved
cumbersome because of the difficulty in
monitoring both subject and URD audio
without affecting the electronic
balance of the telephone connection,

YES SUBGROUP |

SIX ) SUBGROUP 2

EAST SUBGROUP 3

BRIEFING SUBGROUP 4
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The second URD test involved a human
operator .o simulate the URD in order
to ev,luate proposed human~URD communi-
cation protocols (reference 1).

DISCUSSION OF EQUIPMENT.

The FAA Technical Center URD under test
is manufactured by Dialog Systems, lnc.
The URD is asynchronously connected to
and controlled by an Interdata 7/32
minicomputer which served as the host
computer of the Mass Weather Dissemi-
nation System Exploratory Engineering
Model.,

The URD is a discrete word recognition
machine; that is, it is capable of
recognizing a single word at a time
from a preprogramed vocabulary,

The URD differs from the majocrity of
voice recognition machines in three
major aspects.

First, it is an untrained recognition
device; that is, it 1is theoretically
capable of recognizing, with equal
success, any word in its vocabulary,
regardless of speaker. This 1is an
extremely desirable feature when one
considers a system having thousands of
potential users located remotely from
the physical URD installation.

Second, the audio input to the URD is
by means ot standard voice grade
telephone lines. This will serve to
provide easy access to the user popu-
lation. Standard voice grade telephone
lines have a considerably smaller
bandwidth than that of human speech.
This complicates the recognition task
since the upper and lower frequency
components of the utterance are absent.
Line noises and transients, inherent in
switched communication systems of the
magnitude of the standard phone

This capability is
further expanded by muitiplexing the
eight independent input channels to 20
telephone lines by means of & cross
point switching array controlled by the
host computer.

simultaneously,

The URD has limited speech capa-
bilities. It is capable of saying any
word in its recognition vocabulary as
well as the phrases 'Was that" and
"please repeat.'” These utterances are
stored on an optical drum to provide
relatively quick access. This veccabu-
lary is used to seek verification of
user utterances and provide con-=
firmation to tne caller.

The URD is controlled by the Interdata
7/32. The control functions of the
7/32 consist of connecting the caller
to an available URD input channel,
instructing the URD when to listen for
a caller utterance, and then acting on
the data returned by the URD,

At the present time, the URD vocabulary
is configured into five subgroups as
illustrated in figure 1. The utili-
zation of subgroups sllows the possible
word choices to be restricted, thereby
decreasing the possibility of the URD
misunderstanding the utterance. For
example, if a numeric input is
expected, a direction-oriented word is
obviously incorrect. The diversity of
information required to file flight
plans greatly restricts the use of
subgroups to increase accuracy.

THEORY OF OPERATION.

When & speaker says a command word into
his telephone instrument, the URD
detects the utterance, processes it,
and determines how closely the word
corresponds to the stored reference
templates of the subgroup of the
under consideration,

svstem, must also be accounted for. vocabulary
Each possible word is then assigned a
Finally, the URD is a multichannel quality score which is inversely

revognition device, capable of handling
up to eight different input channels

its probability of
The word heving

proportional to
being the spoken word.
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the lowest quality score is referred to
as the first choice word. Accordingly,
the word having the next lowest score
is referred to as the second choice
word,

Three operational parameters exist to
determine the quality of the first
choice word. These pavameters are
termed GARBLE, VERIFICATION, and
CONFUSION. it must be stressed, at
this point, that these parameters in no
way influence the score ranking of the
vocabulary. All vocabulary elements
are ranked prior to the application of
the quality parameters.

The quality parameters may be modified
by qualified personnel having access to
the URD's command console. Default
values for GARBLE, VERIFICATION, and
CONFUSION exist and ave, respectively,
3,560, 2,300, and 50.

Figure 2 is a flow diagram of how the
URD employs thez quality parameters to
determine the probability of its first
choice being correct. Upon being
instructed by the host computer to
listen for an utterance, the URD exe-
cutes what is termed an interpret. An
interpret consists of digitizing the
audio input, analyzing it, and assign-
ing quality scores to each word. If
the quality score of the first choice
word is» greater than or equal to the
value of GARBLE for that word, the URD
will ask the speaker to repeat his
utterance. 1If on the second attempt to
recognize the utterance, the quality
score is still greater than or equal to
the value of GARBLE, the URD will ask
the caller "Was that __?" where

is the first choice word. If the user
replies in the affirmative to this
question, the first choice word code is
transmitted to the host computer., A
negative reply to the question will
result in a code being transmitted to
the host computer requesting that
further corrective action be taken.

This sequence of confirming the first
choice utterance by asking the user
"Was that __ ?" will be referred to as
a WT sequence.

If the URD determines that the quality
score is less than the value of GARBLE,
it then checks to see if the quality
score is less than the value of VERIFI~
CATION for the first choice word. If
the quality score is greater than or
equal to VERIFICATION, a WT sequence 1is
executed.

Assuming that the garble and verifi-
cation tests have been passed success-
fully, the URD then checks the sepa-
ration of the quality scores between
the first and second choice words. 1f
the separation is less thaa or equal to
the value of CONFUSION for the first
choice word, the URD will execute a WT
sequence.

In the case where all three quality
tests are passed, the URD assumes that
a high probability exists that its
first choice word is indeed the word
spcken by the caller and transmits its
code to the host computer. No confir-
mation is sought from the user in this
situation.

Operating the URD with its default
quality parameters will result in a
comparatively large number of WT
sequences being executed. Since this
results in a second interpret being
issued by the URD, this will be defined
for the purpose of this report as a
"two-pass system." If the quality
parameters ar< modified so that
confirmation is rarely sought of the
caller, it shall be defined a "one-pass

system." The same decisions regarding
the quality of the first choice word
are made in both systems. The diffevr-

ence lies strictly in the fact chat che
modified quality parameters virtually
ensure that all quality tests will be
passed.
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In its present form rhe URD has a
vocabulary of 25 words. These words
are divided into five subgroups as
indicated in figure 1. Subgroup 0 is
composed of all vocabulary elements.
Subgroup 1 contains the AFFIRM/DENY
words. Subgroup 2 contains the numbers
ZERO through NINE, including NINER.
Subgroup 3 is composed of direction~-
oriented words., Subgroup 4 contains
those words which were used to access
the specific functions of the Mass
Weather Dissemination System Explora-
tory Engineering Model. Possible first
choice words may be restricted to any
one subgroup by the host computer when
the interpret command is issued to the
URD,

It should be noted that the actual
method by which the URD determines its
selection of the appropriate first
choice word is proprietory to the URD's
manufacturer.

DISCUSSION

TEST PROCEDURE.

The URD test was conducted using a
diverse cross section of the FAA
Technical Center's population composed
of males, females, male pilots, and
female pilots. Table 1 shows a numeric
and percentile breakdown of the test
population. Testing was performed at
the subject's normal duty station so as
to minimize any effect upon the
subjects normally scheduled duties.

Two staff members of FSS laboratory
functioned as a complementary data
acquisition team. One member of the
team contacted potential subjects in
various locations at the Center. The
other team member remained in the FSS
laboratory.

The remote team member located a
willing test subject, explained the
test procedure, and notified the

in~house team member (via telephone)
that a test sequence was about to
begin. During the test sequence, the
remote team member listened to cthe
subjects utterances to ensure that each
word was said in the proper sequence.

The in-house team member monitored the
subject's audio as well as the URD's
replies over an electronically isolated
loudspeaker. This served to double-
check that the subject spoke the test
vocabulary in the proper sequence. The
in~house team member also monitored the
raw URD data on a cathode-ray tube
(CRT) display to ensure that no serious
anomalies occurred in the test data.
Figure 3 is a detailed example of
the data that appeared on the CRT. The
single line of data presented in figure
3 shows that the subject accessed URD
channel 0. The first choice word was
AFFIRMATIVE (code 14) with a quality
score of 3,266. The second choice word
was THREE (code 3) with a quality score
of 3,271. The amplitude of the utter-
ance was 1,660. The uctterance ampli-
tude is a relative term and should be
assigned no units by the reader. The
reader should note that the utterance
of figure 3 would have passed both the
garble and verification tests but would
have initiated a WT sequence due to
insufficient score separation. Table 2
provides a list of the vocabulary
elements and their word codes.

For the purposes of this test, the
manufacturer's default quality param-
eters were modified to configure the
URD as a single pass device. The new
values for GARBLE, VERIFICATION, and
CONFUSION were 3,560, 8,191, and O,
respectively, The virtual! elimination
of WT sequences served to greatly
reduce the time required for a subject
to complete a test run., Subject con-
fusion was also reduced. In order to
provide positive feedback to the sub-
ject, the URD was programed to repeat
the correct word from the vocabulary
list, regardless of the interpretation
of the first choice word.

-
“

v AR WY 4

s

nw,
SErN R N G

]
W

S :;»‘?'%‘;@: P
J

)
R

b




b1 T R

o g o b I NETIR I A O T TRV

TABLE 1. DATA BASE DISTRIBUTION
TOTAL CORRECT

NUMBER OF SUBJECTS A A
ALL SUBJECTS 219 100 85
MALES 198 950.4 85
FEMALES 21 9.6 82
PILOTS 59 26.9 86
MALE PILOTS 56 25.6 - ,
FEMALE PILOTS 3 1.4 -

In the test mode of operation, it would

and the correct and incorrect word are

appear to a caller that the URD both in the same subgroup. This will
functioned at a 100-percent recognition result in an incorrect word code being
rate. Later computer analysis of the transmitted to the host computer
data would be used to determine how without any confirmation being sought

well the URD had actually performed.
All data obtained was stored in digital
form on a disc file in the host com-
puter. This tftile was then segmented
into test lengrh records with each
record identified by subject name. An
example of a segment of this data file
is given in figure 4 and is read in the
same way as figure 3. Subject identi-
fiers have been removed from this
report to conform with the Privacy Act
of 1974 (Public Law 93-579).

It may be readily noted in figure 4
that subsets 2 and 3 achieved 100-
percent first choice recognition.
Despite this fact, in subset 2 both the
word EIGHT (code 10) and the word
BR1IEFING would have induced WT
sequences under normal operating
conditions, due to quality scores in
excess of VERIFICATION. It should be
noted that the word EIGHT also would
have failed to meet the confusion test
if standard quality parameters were
employed.

It may be noted in data subset 1, the
word SIX (code 6) has been mistakenly
interpreted as the word ZERO (code 0).
This is actually a worst case mistake
in that all quality conditions are met

frow the caller. These examples are
indicated by - > in figure 4.

During the entire test, an audio record
of all subject utterances was made on a
standard 7-inch reel-to-reel tape
recorder. It is proposed that this
data wil! be used in the future to
develop enhanced reference templates of
the vocabulary elements.

TEST CONFIGURATION.

A diagram of the test installation is
given in figure 5. The test subject
dialed an outside line through the
Center's switchboard using the tele-
phone instrument at the site. This
instrument may have been of the rotary
dial type or Touch-Tone™. This call
was then routed through the telephone
switching office, located in Pleasant-
ville, New Jersey, to a CDH D-mark
located in the FSS laboratory, a total
distance of approximately 8 air uiles.
At this point, the line was split
between the URD and the digital speech
output channel of the host computer.

The digital voice channel is used to
provide the subject with an intro-
ductory preamble prior to the beginning
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URD channel number
l1st choice word code

1st choice score

0 14 3266 3 3271 1660

utterance amplitude
2nd choice score

2nd choice word code

NOTES:

1. The channel number may be 0 through 7.

2. The first and second choice word codes have a direct correlation to a given
vocabulary element., The word codes fur each vocabulary element are given in

table 2.

3. The first and second choice scores are used to determine the quality of the
first choice word.

4, The utterance amplitude is a relative quantity and should be assigned no
units,

5. The presence of a hyphen (~) between the lst choice word code and its score

indicates a time-out condition., In this case all data in the line, except the
channel number, are invalid.

FIGURE 3. URD RAW DATA FORMAT
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TABLE 2.

AFFIRMATIVE ............14
NEGATIVE............... 507
YES..eivieeernninnnn
3 [ PS4

ONE........... R
TWO. oo eviviintiivnenannea
THREE. .....ecovvevnennnesn3
0] Y
FIVE .. iiivrnenenenennasdd
3 . R )
SEVEN....ovvvevinenenneadd
EIGHT......oevvvveeaes. 10

NINE....o.vvvinnnanneaslll

URD WORD CODES

ZERO..evvivvenneaees 0
NINER.......cv0ve...20
NORTH........0e0v0...63
SOUTH.......... co...64
EAST....civvevnenas 65
WEST..oevverneneass 66
LOCAL.....evvvunean. 67
FILE.......ovvvenenl 1
SPECIALIST..........21
BRIEFING............16
AMEND...............16
CLOSE............2,663

NOTE: In any case where a word code has more than four digits, the most
significant digit is ignored. Example: 10013 and 13 are both the code

for YES,

of a test sequence. It is also used to
provide assistance to the user if the
system determines that a severe recog-
nition problem exists. This assistance
is usually in the form of instructing
the caller to prcceed to the next word
on the test list. The voice channel is
only connected to the audio line when
host computer audio output is required.
At all other times it is gated out of
the circuit by relay Rl. These
channels were designed to serve as
the audio output devices for the Mass
Weather Dissemination System
Exploratory Engineering Model.

The audio input to the URD is also
distributed through the URD to a
voice-actuated tape recorder. This
unit is used tc =2c¢cquire raw audio
information to provide for future
vocabulary enhancements. It also
serves to drive the loudspeaker which
is monitored by the in-house team
member. This counection is provided by
the URD manufacturer and does not
affect the performance of the URD.

The URD is controlled by the host
computer via asyachronous line 1 (ALl).

The interpret commands and the URD's
first choice word are passed on ALl.

The raw URD data, as shown in figure 3,
is displayed on the CRT which is
connected asynchronously to the URD,.
This displayed information is .recorded
by the host computer via asynchronous
line 2 (AL2). AL2 is also utilized by
the host computer to modify the default
quality parameters to configure the URD
as a single pass system. The data
collected via AL2 is stored on one of
the host computer's system discs so as
to enable later, nonreal-time analysis
of URD performance.

TEST RESULTS.

The data obtained in the URD test was
subdivided into four subsets in order
to determine if any grouping of par-
ticipants had a significantly higher or
lower recognition rate than the data
base as a whole. The subgroups were
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composed of (1) pilots, (2) males only,
(3) females only, and (4) the entire
data base consisting of 219 test
subjects.

Table 1 shows that the entire data base
had a recognition rate of 85 percent.
Ranking the other three subsets of the
data in descending order, in terms of
recognition rates, pilots were first,
males second, and females lowest in
overall recognition rate of the
subsets. The percentile figures pre~
sented in table 1 were obtained by
computer analysis of the raw data
obtained in the URD test. An example
of this analysis for the entire data
base is given in figure 6. The value
of employing computer analysis lies in
the fact that large amounts of data
regarding URD performance under various
conditions, such as modified quality
parameters and segregation of the test
population, may be obtained with only
one data collection exercise for a
given vocabulary.

The first page of the computer analysis
for the entire data base, which is given
in figure 6, contains considerable
information regarding both the URD's
performance and the simulated con-
ditions of the experimental run. The
name of the data file under consider-
ation is found in the upper left hand
corner of figure 6. 1In this case
the file is ALL URD which represents
the total data base. The quality
parameters for the analysis run are
given next. In the case of figure 6,
the default parameters, 3,560, 3,300,
and 50 were selected. The remainder of
figure 6 is devoted to the actual
analysis of the data.

The word AFFIRMATIVE will be used as an
example of how to read the analysis
presented in figure 6. Proceeding from
left to right, it may be seen that the
word AFFIRMATIVE was correctly selected
as the first choice word 177 times
(RIGHT). A word other than AFFIRMATIVE
was selected incorrectly as the first

choice 43 times (WRONG). Using the
quality parameters given previously,
the URD would have sought confirmation
of an utterance by initiating a WT
sequence 148 times (WT). A garble
condition would have caused the URD to
ask the caller to "Please repeat!" once
(PR). The total number of valid
interprets for a word is equal to the
sum of RIGHT + WRONG.

The URD failed to detect sufficient
audio to consider an utterance valid in
six cases. This situation is referred
to as a time-out (TO). 1In 21 of the
cases in which the first choice word was
incorrect, the second choice word was
the correct word (SEC). The word
AFFIRMATIVE is in subgroup 1. 1In 42 of
the 43 incorrect first choices, the
subgroup of the first choice word was
incorrect (SGW).

The word AFFIRMATIVE was correctly
chosen as the first choice word in 80
percent of the cases (%4R). In 39 of
the cases in which the URD sought
confirmation of an utterance via a WI
sequence, the first choice word was
incorrect (WWT).

When the word AFFIRMATIVE was correctly
recognized as the first choice word, it
had an average quality score of 3,298
(MEAN) with a standard deviation from
this average of 58 (STDM). The average
separation between the score of the
word AFFIRMATIVE and che second choice
word's quality score was 82 (DELTA).
The standard deviation from DELTA was
50 (STDD).

In those cases where AFFIRMATIVE was
correctly recognized as the word spoken,
the average utterance amplitude was
1,938 (AMPR). The standard deviation
from AMPR was 1,277 (STDR). In those
cases where another vocabulary element
was substituted in place of the word
AFFIRMATIVE, the average utterance
amplitude was 1,390 (AMPW). The
standard deviation from AMPW was 1,030
(STDW).
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If the URD had been issuing subgroup
restricted interprets in the course of
the test, the recognition rate would
have been greater than or equal to 90
percent (MZR). Finally, 41 of the 148
WT sequences that occurred on the word
AFFIRMATIVE were due to confusion
situations (CON).

In those cases, where it is applicable,
total figures are given for all vocabu-
lary elements. These figures are given
in the row labeled TOTALS. A more
detailed explanation of the column
headers is given in appendix A.

A brief summary of the test run is
given in the lower left-hand corner of
figure 6. Appendix A contains complete
runs for each data subset and an
analysis of the entire date base, using
both standard and modified quality
parameters.

A graphical representation of the
comparative recognition rate for each
element in the vocabulary is given in
figure 7. The reader's attention is
directed to the word SOUTH. Females
achieved a markedly lower recognition
rate (39 percent) for this word than
did the predominately male subgroups.
Conversely, females achieved a much
higher recognition rate (100 percent)
for the word TWO. When the data base
as a whole is considered, as presented
in table 1, females achieved a recog-
nition rate of only 3 percent less than
the predominately male total data base.
The reader should be aware from table 1
that females composed only a small
percentage of the data base (9.6
‘percent). No separation between male
and female pilots was made due to the
small number (3) of female pilots
readily available for test purposes.

Figure 8 is a first choice word distri-
bution analysis for the entire data
base. 1t shows how many times each
vccabulary element was selected as the
first choice word when a particular

word was expected. Referring to figure
8, the word at the top of each column
is the correct first choice word. The
figures in each column indicate how
many times the associated word was
selected as the first choice. Taking
the word AFFIRMATIVE as an example, it
is readily noted that AFFIRMATIVE was
selected correctly as the first choice
word 177 times. This corresponds to
the value of RIGHT for the word
AFFIRMATIVE in figure 6. In the same
column, it is shown that the URD
incorrectly selected the vocabulary
element CLOSE as the first choice word
15 times. If all eontries in the column
except those corresponding to the
correct first choice word are totaled,
the sum will equal the value of WRONG
for the given vocabulary element. In
the case of the word AFFIRMATIVE, this
total is 43 which is equal to the value
of WRONG tfor AFFIRMATIVE in figure 6.

The rveader's attention is directed to
the column for the word NINE, This
word was mistaken for FLIVE 21 times and
NINER 10 times. This is an example of
a worst case situation in which the
words most commonly mistaken for the
correct utterance are members of the
same vocabulary subgroup as the correct
first choice word.

The final cclumn in figure 8 is labeled
TOTALS. The figures in this column
represent the total number of times
each word in the vocabulary was
selected as the first choice word.
These values may be considered as the
sum across a row of all 25 columns.
For an example, the word AFFIRMATIVE
was selected as the first choice
word 199 times. This column shows
that, for the entire data base, the
word most commonly selected as the
first choize was ONE. The least
commonly selected first choice word was
NINE.

Distribution analyses for all subsets
are found in appendix A.
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ANALYSIS.

This report is primarily concerned with
that data obtained using the entire,
25-word vocabulary of the URD as valid
possible choices for each interpret
sequence, The reason for this is that
it is estimaced that to achieve direct
user flight plan filing by means of
utterance recognition will require, at
times, a vocabulary subset consisting
of control words, the numbers ZERO
through NINE, including NINER and the
entire phonetic alphabet with varied
pronunciations. At the present time,
subgroup 0, which contains all 25
vocabulary elements, most closely
approximates a subgroup of the
projected size. It was, however,
considered valid to obtain some
indication how well the URD would have
performed had the test interprets been
subgroup restricted. The data avail-
able from the URD at the time of
testing was inadequate to derive an
accurate value for the percentage of

corvect first choice, subgroup
restricted interprets. Sufficient
information was, however, available to

obtain a worst case figure for the
percentage of correct, subgroup
restricted interprets. This figure is
termed the Modified Percent Right (MXR)
and may be seen in the computer print-
out presented in figure 6.

The MZR is computed by adding the
number of correct second choice words
to the value of RIGHT in those cases
where the subgroup of the incorrect
first choice word was wrong. This
modified versicn of RIGHT is then used
to calculate the value of MZR. It
should be stressed that the value of
MZR is always less than or equal to
the actual percentage of correct first
choice interprets that would have been
obtained if subgroup restrictions had
been employed during the test. A macro
flow chart of the calculation of MZR is

Considering the entire data base, the
overall recognition rate was increased
by 5 percent by simulating subgroup
restricted interprets. This results in
a subgroup restricted recognition rate
equal to or in excess of 90 percent.

In a standard two-pass system, the URD
would have asked the caller for confir-
mation of his utterance approximately 33
percent of the time by initiating a WT
sequence (see figure 6). Twenty-nine
percent (521 cases) of these WT
sequences were initiated in situations
where the first choice word selected by
the URD was incorrect. This means that,
for the total data base, 326 incorrect
words were passed to the host computer.
A possibility exists that 8 of these
words would be flagged by garble errors
leaving 318 incorrect word codes to be
passed to the host computer. This
translates to 5.8 percent of all utter-
ances transmitted to the host computer
as correct will be wrong if a vocabu-
lary of 25 words is employed. This is
a best case figure.

In the case of a WT sequence, a
response by the user from the AFFIRM/
DENY words, subgroup !, is required.
Using the values obtained for subgroup
1 recognition, as presented in figure
6, it may be calculated that subgroup 1
has an average MZR of 93 percent.
Therefore, 7 percent of all words
flagged for WT confirmation will
encounter an error on the confirmation

word. The confirmation word is not
subjected to any quality parameter
tests. This percentage of ipaccurately

confirmed words must be added to the
previous count of wrong words that
escaped detection. This results in an
error rate of approximately 6.5 percent
for a vocabulary of 25 words, using the
default quality parameters. In an
ideal case, all wrong first choice
words would be flagged for confir-

mation. This may be expressed as WWT =
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WRONG and the AFFIRM/DENY subgroup
would have a 100-percent recognition

rate. Equation 1 is a means of calcu-
lating the approximate two-pass recog-
nition rate from the information given
on the computer printouts. Note the
0.93 term in equation 1 which accounts
for the imperfections in AFFIRM/DENY
recognition for WT sequences.

((WwWT) x (0.93) + RIGHT)
RIGHT + WRONG

x 100%

= OVERALL Recognition Rate (1)

Assuming an ideal case in which all
incorrect first choice interprets are
flagged for confirmation, 100-percent
recognition will not be achieved due to
the imperfections in AFFIRM/DENY
recognition., In actuality, the only
way to ensure that all incorrect first
choices are flagged for confirmation is
to initiate a WT sequence for all
interprets. In this case, the 93-
percent AFFIRM/DENY recogniton accuracy
will govern the overall recognition
rate. The reader should realize that
the transposition of an affirm word to
deny word will only result in the entry
to an error handling routine. The
transposition of a deny word to an
affirm word in a WT sequence will
result in an incorrect word code being
transmitted to the host computer.

In the analysis of the score distri-
bution, it was observed that the first
choice quality scores occurred in a
slightly skewed, right-handed Gaussian
distribution. This trend is shown for
the vocabulary elements ONE and
AFFIRMATIVE in figure 9. Since the
data occurs in a Gausssian fashion, the
analysis of data by means of standard
deviations becomes valid.

Since standard deviation analysis was
shown to be valid, it was possible to

construct idealized first and second
choice score distributions for each
word from the data obtained in the com-
puter analysis illustrated in figure
6. Figure 10 is an illustrated example
of such an idealized graph. The method
employed to construct the graph was to
select the value of MEAN and DELTA for
a given word and use these values as
the maximum points of the first and
second choice word score distribution
curves. The values of STDM and STDD
for the same first word were then used
to construct the two idealized histo-~
grams, This was done for each word in
the vocabulary. These graphs may be
found in appendix B.

For an ideal utterance recognition
device, the majority of the first
choice word curve would lie to the left
of the value of VERIFICATION. The
separation between first and second
choice words would be greater than the
value of CONFUSION. Figure 11 illus~
trates such an idealized plot in which
the above considerations are met to
three standard deviations.

From figure 6 and the graphs found in
appendix B, it may be noted that the
mean value of the quality scores often
approaches the verification thresholds
for certain words. This is particu-~
larly notable for the word AFFIRMATIVE
which has a mean quality score of
3,298, The default value of VERIFI~
CATION for AFFIRMATIVE is 3,300.
Referring to figure 6, it may be
calculated that the word AFFIRMATIVE
had a 67-percent occurrence of WT
sequences, It was speculated that a
modification of the default quality
parameters might result in either less
WT sequences, which would be more
acceptable to the user from a human
factors standpoint, or in an increase
of WT sequences when the first choice
word was incorrect. The later would
res lt in an increase in recognition
reliability.
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FOR AN IDEAL UTTERANCE RECOGNITION DEVICE

An experiment was conducted; in which
the value of VERIFICATION was altered
to be in excess of the value of MEAN by
approximately one standard deviation.
The value of GARBLE was reduced by
approximately one standard deviation.
The value of CONFUSION was modified
either up or down depending on the
value of CON as determined for the
particular vocabulary element. The
computer analysis of the total data
base, with the modified parameters, was
then performed. The results showed
that these changes in parameters
resulted in an increase of 3 percent in
the number of WT sequences that were
executed by the URD. The number of
wrong first choices that were flagged
for confirmation only increased by
approximately 1.7 percent. The
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modified quality parameters as well as
the corresponding results are found in
appendix A. The reader should note
that with the modified quality param-
eters, the majority of WT sequences
were initiated due to confusion situ-
ations as opposed to scores in excess
of the value of VERIFICATION. Also
noted should be the fact that the
values of RIGHT and WRONG do unot change
with the modification of the quality
parameters.

Referring to the TOTAL column of figure
8, it may be noted that the most
commoniy selected first choice word is
ONE. This is also true for the male
and pilot subgroupings. The most
common first choice word for females is
LOCAL.
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Analyzing the first choice distribution
of figure 8, it may be noted that for
many of the vocabulary elements there
exists a preferred incorrect first
choice word. The reader's attention is
directed to the column for the word
EAST in figure 8. In 42 out of 220
interprets (19 percent of the time) the
word EAST was incorrectly identified as
the word EIGHT. The severity of this
occurrence is lessened due to the fact
that the two vocabulary elements are
members of different subgroups. The
case of the words NINE and FIVE,
(illustrated in figure 8) is far more
severe owing to the fact that they may
not be conveniently segregated into
different subgroups.

SUMMARY OF RESULTS.

Using a vocabulary containing 25 words,
the URD had a recognition rate of
85 percent. Division of the data base
into subsets, according to sex and
whether the subject was a pilot, showed
no significant variations in terms of
overall recognition from the total data
base. Some individual vocabulary
elements of the female subset, notably
SOUTH, showed a significant variation
in recognition from the predominantly
male utterances,

The simulation of subgroup restricted
interprets produced a recognition
increase of 5 percent. This calculated
increase is less than or equal to the
increase that would have been achieved
if subgroup restrictions had been
employed during the test.

Many vocabulary elements have average
quality scores extremely close to the
default value of VERIFICATION resulting
in an excess number of WI sequences,
Modification of the quality parameters
resulted in a less than 2 percent (1.7
percent) increase in the number of
incorrect interprets that were flagged
for confirmation. The number of WT
sequences 1increased by 3 percent,

21

For many of the vocabulary elements
there exists a preferred wrong first
choice word. This situation may become
critical when the words cannot be
segregated by subgroup.

CONCLUSIONS

1. For a two-pass system, such as
presently implemented using the present
vocabulary with subgroup restrictions,
the Utterance Recognition Device (URD)
is a viable method of human/computer
communications., This is true only in
those cases in which a siangle command
word is required. This was the way the
URD functioned in the Mass Weather Dis-
semination System Exploruatory Engi-
neering Model which was the original
justification for the purchase of the
device.

2. lIncreases in the number of vocabu-
lary elements and vocabulary subgroup
size will result ip a decrease in
recognition reliability.

3. In an ideal case, in which all
incorrect first choices are flagged for
confirmation, perfect recognition will
not be achieved due to the inability of
the URD to perfectly recognize.AFFIRM/
DENY words.

4, At the present time, the URD shows
a marked decrease in the recognition
rate when subgroup restrictions are not
employed, The filing of flight plans
by utterance recognition will require a
subgroup of more than 25 elements. It
is projected that considering the
extended subgroup size the URD's recog-
nition rate will drop to approximately
80 percent. At this degree of recog-
nition, all utterances will require
confirmation to achieve an acceptable
level of confidence. This will prove
both cumbersome and time consuming to
the user. Confirming all utterance
will not obtain perfect recognition.
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5. At the present time, the average
score of an utterance when it is the
correct first choice word is often
sufficiently close to the value of
VERIFICATION to cause an excessive
number of confirmation sequences. This
is unnecessary and cumbersome if the
device is to be employed as a single
word command input unit as in the Mass
Weather System Exploratory Engineering
Model,

6. There exists for many of the
vocabulary elements a preferred wrong
first choice word; that is, there is a
given word which is most often mistaken
as another vocabulary element.

RECOMMENDAT1ONS

1. Research in the field of untrained
speech recogniction over standard voice
grade telephone lines should be con-
tinued. This discipline is still in
its technological infancy. Continuing
advancements in microelectronic tech-
nology will be reflected in future
utterance recognition devices in terms
of increased reliability, larger
vocabulary, and lower cost per word.

2, At the present time, subgroup
restricted, two-pass recognition of the
existing 25-word vocabulary is a viable
method of providing a general aviation
user with access to an information
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distribution system, such as the Mass
Weather Dissemination System Explor-
atory Engineering Model. It is sug-
gested that such a system be field
evaluated on a limited basis to deter-
mine user acceptability of utterance
recognition.

3. At the present time, it is not
recommended to field evaluate a device

‘'such as the Utterance Recognition

Device (URD) for direct user filing of
flight plan data owing to the extreme
size of the projected required
vocabulary,

4. Special consideration should be
given to improving the recognition rate
of the AFFIRM/DENY subgroup. A
reduction froa four to two words in
this subgroup may result in a higher
degree of recognition.

5. Testing similar to that detailed in
this report should be conducted with
any new vocabulary or device to deter-
mine if a sufficiently high degree of
recognition reliability exist,

REFERENCES
1. Shochet, E. and Lemanski, R.,
Automated Flight Plan Filing

by Simulated Voice Recognition,
FAA-RD-80-56, August 1980.




APPENDIX A

COMPUTER ANALYSES
(INCLUDING GLOSSAKY OF TERMS)

This appendix containe a complete set
of computer analyses for the four major
data base subdivisions — the total
data base, all males, all pilots, and
all females. The data contained in
this appendix has been briefly summa-
rized in table 1 and figure 7 which
appear in the body of the report. A
Ciossary of Terms is included at tte
end of this appendix.

Figure A-lA analyses the total data
base and includes an analysis cf the
same data subset using the modified
quality parameters, The computer
analysis using modified quality param-
eters is given only for the total data
base, The reader should note that
there is no difference in the terms
which represent the absolute functions
of the URD (RIGHT, WRONG, %R, and MXZR).
Only those terms which reflect confir-
mation are changed (WT, PR, WWT, and
CON).

Figure A-1B is a computer-generated
bargraph of the relative recognition
rate of each word., The figure shows
the percentage of correct first
choices. (Figure 7 in the text is a
summary of these graphs for all four
data subsets.) Figure A-1C is a
similar graph representing recognition
rates based on the simulated subgroup
restrictions, This figure shows the
modified percent right (MXR).

Figure A-1D is a comparison of the
relative quality scores for each
vocabulary element based on the value
of MEAN. To allow relatively compact
graphing, this has been presented as
one-tenth of the value of MEAN greater
than 3,000 ((MEAN-3,000)/10). The
reader should note the tendency of some
vocabulary elements to approach the
default value of VERIFICATION, 3,300.

N R Y TR S e 1

Figure A-1E is the first choice word
distribution. This indicates how many
times each vocabulary element was
selected as the first choice word in a
given situation. Column headers
indicate the expected word.

The computer analyses for males are
found in figure A-2; pilots, figure
A-3; and females, A-4, )

GLOSSARY OF TERMS

AMPR -— This term represents the
arithmetic average of the amplitudes of
the correct first choice interprets.

AMPW — This term represents the
arithmetic average of the amplitudes of
incorrect first choice utterances.

CON — This term represents the

number of times that the URD would have
askad the apeaker “What was that —?I"
due .0 a confusion situation that was
aot overridden by 4 verification or
GARBLE situation using a given set of
parameters.

CONFUSION -~ 1f the difference
between the scores of the first and
second choice words is less than or
equal to this Dialog system parameter,
the URD will ask the speaker "Was
that —7"

DELTA — This term represents the
arithmetic average of the difference
between the first and second choice
scores when the first choice word is
correct.

GARBLE — 1f the first choice scove is
greater than or equal to this Dialog
system parameter, the URD will ask the
speaker to please repeat the previously
stated word, I1f this parameter is
exceeded on the second attempt, the URD
will ask the speaker "Was that —-?%
Where — is the first choice word.
Garble conditions have priority over
verification conditioas.




MEAN — This term represents the
arithmetic average of the correct first
choice scores.

MXR — This term represents an
approximation of the correct first
choice percentage if the URD test had
been conducted using subgroups. A
modified right score is generated by
adding the number of times cthat the
second choice word was correct logi-
cally and with an incorrect first
choice subgroup to RIGHT. MZR must
always be considered as being less than
or equal to the actual percentage
correct that would have been obtained
by using subgroups.

AR — This term represents the
percentage of correct first choices.

RIGHT — This number represents the
number of times that the URD's first
choice word was correct, In the case
of a please repeat situation, the
results of both the first and second
interprets ace considered to be valid
data.

SEC — This term represents the
total number of times that the URD's
second choice was the actual word said
by the subject,

SGW — - This term represents the
total number of times that the first
choice was a member of a subgroup
different than that of the correct
word.

STDD — This term represents the
standard deviation from DELTA for all
correct first choice cases.

STDM — This term represents the
standard deviation from MEAN of the
scores of the correct f{irst choice
interprets,

STDR — This term represents the
standard deviation of the correct first
choice interpret amplitudes from
AMPR.

STDW — This term represents the
standard deviation of the incorrect
first choice wutterances trom AMPW,

TO — This term represents the
total number of times that a time-out
condition occurred during an interpret.
A time-out situation occurs when the URD
does not receive an audio input of
sufficient amplitude and duration
within 5 seconds after the beginning of
an interpret., The URD handles this
situation by asking the subject to
repeat the word previously said. Two
consecutive time-outs cause the test
sequence to be aborted,

VERIFICATION — If the first choice
sccre is greater than or equal to this
Dialog system parameter, the URD will
ask the speaker "Was that —7"
Verification conditions have priority
over confusion conditions.

WRONG —~ This number represents the
total number of times that the URD's
first choice word was incorrect. The
"please repeat" situation is the same
as for RIGHT.

WT — This term represents the
number of times that the URD would have
asked the cpeaker "Was that —7*
using a given set of parameters.

WWT — This term represents the
number of times that the URD would have
asked "Was that —?" when the first
choice word was incorrect.
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APPENDIX B

WORD SCORE DISTRIBUTION

Figure B-1 contains idealized first and
second choice word score distribution
plots for each vocabulary element. The
study of these idealized graphs is
useful for developing a subjective
concept of the quality of the recogni-
tion of each word.

These plots are generated by taking the
average score of correct first choice
utterances (MEAN) and the average
separation from the second choice word
(DELTA) and using these values as the
maximum points of the first and second
choice idealized bell curves. The

actual shape of the curves is derived
by plotting the standard deviation
values from MEAN (STDM) and DELTA
(STDD)., -Since the plot is an idealiz-
ation no units are assigned to the
Y~axis which is representative of the
number of utterances having that
quality score.

The reader's attention is directed
toward two specific features of each
plot. First, the area which lies under
both of the word curves and secondly,
the proximity of the fivst choice curve
to the default value of VERIFICATION
may be considered as being closely
related to the number of verification
sequences encountered. A detailed
explanation of a set of curves may be
found in figure 9 of the text.
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APPENDIX C

ALGORITHM EXPLANATION

Appendix C serves to explain and
illustrate the algorithm employed to
generate the information contained in
figure 6 and appendix A. This
algorithm was implemented in assembly
language on an lnterdata 7/32 mini-
computer. Numeric quantities were
calculated using 32-bit fixed point
arithmetic and are rounded to the
nearest whole number.

A major assumption was made in the
development of the algorithm: all
vocabulary elements required for the
test would be spoken by the subject and
in a given order to enable the program
to determine if tie first or second
choice word was correct. This
assumption was forced to be true by the
two team members who conducted the
test.

Each vocabulary element is assigned an
80~byte~long parameter block containing
pertinent information regarding each
word as well as reserved storage
locations for computed information.
The parameter block structure is given
in block diagram form in figure C-1.

The first full-word (32 bits) of the
parameter block contains a pointer to
an area of memory which contains the
American Standards Code for Information
Interchange (ASCII) equivalent of the
word. This segment of the parameter
block also serves to correlate a param-
eter block with its corresponding
vocabulary element, For example, the
parameter block for the word AFFIRMA-
TIVE begins wicth a pointer to a
memory location labeled AFFIRM.

The third half-word (16 bits) of the
parameter block contain the associated
words numeric identification code. As
an example, the parameter block for the
word AFFIRMATIVE would contain 000D, in

bits 32 to 47 (which is the hexadecimal
equivalent of 14) the code for AFFIRMA-

TIVE. Table 2 of the report contains a
list of word codes.

The next three half-words of the
parameter blocks contain the default
values of the quality parameters,
GARBLE, VERIFICAIION, and CONFUSION, in
hexadecimal form. These locations may
be modified to contain any desired
value(s) prior to the beginning of che
analysis segment of the program.

The remainder of the parameter block
contains zeros at startup time and is
used to store computed data. A block
diagram of a typical word parameter
block follows this description.

The advantage of using a parameter
block data structure for eact vocabu-
lary element lies in the fact that
indexing to appropriate storage
locations is greatly simplified. This
structure also facilitates the modifi-
cation of the program to allow for
the expansion of the vocabulary.

The URD operating data is read from a
disc file in a single pass. Count
values are incremented after each
reading, if appropriate. Averages and
standard deviations are computed after
all data records have been read. The
standard deviations are computed using
the following equation:

2y _ (3x)2
2(x4) 5

std, = N =1

X = The datum beipg operated upon.

N = The number of elements under
consideration.

Square roots, required for standa-.d
deviations, are compu.eod using .he

Newton-Raphson technique or =<uccrssive
approximations. Sixteen passes are
executed to derive each root.




The graphs and distribution analysis
are computed after the analysis segment
of the routine. Graphs are generated
using the appropriate information
contained in the word parameter blocks.
The data required to generate a first
choice word distribution analysis is
contained in a separate buffer which

was filled during the analysis phase.
Graph and distribution printouts may be
inhibited via an operator command if
not desired.

Figure C-2 is a macro flow chart of the
analysis segment of the algorithm.
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